Intra-uterine growth restriction (IUGR) is involved in developmental metabolic programming and here we test the hypothesis that IUGR affects the developing hypothalamic energy balance regulatory pathways in a sex-specific manner. This experiment investigated early postnatal hypothalamic gene expression for six primary leptin-and insulin-sensitive neuropeptides and receptors in male and female IUGR (n = 8 and 9, respectively) and normal (N) birth weight lambs (n = 8 per gender) gestated and suckled by overnourished mothers. IUGR lambs were smaller at birth, had increased fractional growth rates (FGR), lower final body weight (11 weeks) and similar body fat content compared with N lambs, while males had higher final body weight and insulinemia but lower body fat and leptinemia than females. In situ hybridization revealed greater gene expression in the hypothalamic arcuate nucleus at 11 weeks for anorexigenic genes in females and orexigenic genes in males, with no effect of IUGR. Leptinemia correlated with gene expression for neuropeptide Y (NPY, negatively) in both sexes and pro-opiomelanocortin (POMC, positively) in females but with leptin receptor (negatively) only in males. Current FGR for girth correlated negatively with gene expression for NPY in males and POMC in females. Neither IUGR nor gender affected suckling activity (proxy for appetite) assessed at 3 weeks, but final NPY gene expression correlated with suckling weight gain in males. This study has revealed no effect of IUGR on early postnatal hypothalamic energy balance gene expression but a major effect of gender associated with major sex differences in adiposity and leptinemia.
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Introduction
The basic model of energy homeostasis in the mature animal includes peripheral metabolic feedback hormones leptin and insulin regulating the activities of opposing orexigenic and anorexigenic circuits in the hypothalamus (Schwartz et al., 2000) . These neuronal circuits develop in the fetal brain, they are well established by birth in precocial species such as sheep and primates, and their development is influenced by the prenatal nutritional environment (Grayson et al., 2010) . Changes in the developing hypothalamic circuitry may underlie the apparent programming of a predisposition to obesity and altered metabolic phenotype by intra-uterine growth restriction (IUGR), especially when such offspring are born into an unrestricted nutritional environment (Gluckman and Hanson, 2008) . However, existing data largely come from studies of rodents in which hypothalamic neuroendocrine maturation occurs after birth (Breton, 2013) ; it is now appropriate to increase our understanding of prenatal nutritional * Corresponding author. Tel.: +44 1224 438658; fax: +44 1224 438699.
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programming of the hypothalamus in larger, precocial mammalian species.
Previously we have demonstrated the presence of key anorexigenic and orexigenic gene expression in the hypothalamic arcuate nucleus of the ovine fetus at mid as well as late gestation (Adam et al., 2008; Mühlhäusler et al., 2004) . A consistent finding was the sensitivity of anorexigenic neuropeptides in the arcuate nucleus to fetal nutrient (glucose) supply, thus pro-opiomelanocortin (POMC) gene expression correlated with fetal glycemia at 81 days (term = 147 days; Adam et al., 2008) , intra-fetal glucose infusion increased POMC gene expression at 140 days (Mühlhäusler et al., 2005) , and cocaine-and amphetamine-regulated transcript (CART) gene expression correlated with fetal liver glycogen and was decreased in IUGR compared with normally growing fetuses at 130 days (Adam et al., 2011a) . It remains to be determined to what extent prenatal changes in hypothalamic neuropeptides persist in postnatal life when they may affect appetite and body weight regulation in the free-living sheep. Findings from rodent offspring indicate early postnatal down-regulation of anorexigenic and upregulation of orexigenic hypothalamic neuropeptides following prenatal fetal undernutrition caused by maternal undernutrition or placental insufficiency (Cripps et al., 2009; Desai et al., 2007;  
